ABSTRACT
INTRODUCTION

Neck-Specific Exercise with Behavioral Approach (NSEB)
The exercises performed by participants in this group were identical to those performed 139 by the NSE group. During the first two weeks, participants formulated specific activity goals 140 and received education specifically aimed at inducing behavioral change (Appendix A). To 141 accommodate the behavioral component of their intervention, the commencement of gym 142 exercises (Appendix C) was delayed by two weeks compared to the NSE group. Also in 143 contrast to the NSE group, participants in the NSEB group were encouraged to continue their 144 exercises despite pain, but to avoid a cumulative elevation of pain level over the duration of 9 the program. If this occurred, the exercise parameters were adjusted to reduce the elevated 146 pain level.
148
Prescription of Physical Activity (PPA) 149 The participants in the PPA group had one or two appointments with the 150 physiotherapist, which included a physical examination and motivational interview session 
Measurements
160
Outcome measurements were recorded at baseline and at the three-and six-month 161 follow-ups except for kinesiophobia, which was measured at baseline and six months. At the 162 three-and six-month follow-ups, the participants were also asked whether they had 163 experienced any further neck injuries or received any other interventions for their neck during 164 the study period. The participants completed a questionnaire including the self-reported 165 measurements at home prior the physical testing session. Neck muscle endurance tests were 166 conducted by the investigators.
10
Ventral and Dorsal Neck Muscle Endurance
171
The primary outcome was a measure of neck muscle endurance (NME) that has been 172 previously reported to be of good reliability (ICC > 0.88).
33 NME was standardized and 173 measured in seconds as previously described. 34, 35 For all participants, ventral NME was Immediately before and after the NME test, the pain intensity of the neck was measured 194 using a VAS with a scale of 0 mm (no pain) to 100 mm (worst imaginable pain).
31
The participants reported their perceived fear of movement and (re)injury using the thus, all measurements were log transformed (Log10).
241
The perceived neck pain measurements were highly skewed, and therefore were 242 analyzed using non-parametric tests. Between-group differences in neck pain, patient 243 satisfaction and kinesiofobia (from the TSK-11 and both subscales) were analysed using neck injuries or in the receipt of additional treatment (outside that provided by the study) over 261 the duration of the study (Table 3) .
263
Ventral and Dorsal Neck Muscle Endurance
264
Data from the NME tests for both the ventral and dorsal muscles are shown in Table 4 . For
265
dorsal NME a total of 182 individuals were included in the linear mixed model and 185
266
participants for ventral NME. For dorsal NME there were no significant group*time*gender 267 interaction effect (F = 1.3, P = .25) but a significant group-by-time interaction effect (F = 4.1, 268 P = .003), where both the NSE and NSEB groups (F = 6.8 to 5.5, P < .05) improved in dorsal
For ventral NME, we found no significant interaction effects between group*time*gender (F 271 = 1.4, P = .23) or group*time (F = 1.8, P = .13) but a significant group by gender interaction 272 effect (F = 3.2, P = .04) When stratified for gender, there were significant differences 273 between groups for men at six months (F = 4.2, P = .02), men in the NSE and NSEB groups 274 showed higher ventral NME compared to men in the PPA group.
276
Perceived neck pain
277
There were significant between-group differences in pain intensity; pain was decreased 278 for the NSE group at three months (P < .05) compared to the PPA group. At six months both 279 the NSE and NSEB groups had decreased pain after the NME test compared to the PPA 280 group (p = .04). (Table 5 ).
282
Kinesiophobia
283
TSK score did not significantly differ between groups (P > .12). From baseline to the 284 six-month follow-up, the NSE group showed significant improvements in the total TSK-11 285 score, and on the subscales for activity avoidance and somatic focus (P < .01). Over this time 286 period, the NSEB group only showed improvement on the activity avoidance subscale (P <
287
.03). For both the NSE and NSEB groups, these improvements were small (1 to 3 points).
288
The PPA group showed no significant improvements over time (P > .19) ( Table 5) . At the six-month follow-up, 55% of the NSE group and 67% of the NSEB group 294 reported that they were very satisfied with their treatment (score of 6 and 7 on the Likert 295 scale). These proportions were significantly greater than in the PPA group (19%; P < .01).
296
Exercise Compliance
297
Compliance to exercise did not significantly differ between groups at three (P = .07) or 298 six months (P < .90) ( Table 3) . 
Conclusions
376
In conclusion, among individuals with chronic WAD, neck-specific exercises resulted 377 in greater gains in neck muscle endurance, decreased pain intensity immediately following 378 endurance testing and greater patient satisfaction compared to prescribed physical activity.
379
These findings suggest that neck-specific exercises should be considered as part of the total 380 management plan for individuals with persistent pain and disability after a whiplash injury.
381
Addition of the behavioral approach to exercise led to a more rapid improvement in dorsal 382 muscle endurance, but no other effects. Table 2 . Baseline variables for the three intervention groups; neck specific exercise, neck specific exercise with behavioral approach and prescription of physical activity.
* Months since whiplash injury † Whiplash injury as a result of a motor vehicle accident ‡ Whiplash injury due to other accidents (e.g. fall, skiing, diving) § Sought health care (physician, physiotherapist) for neck pain after the whiplash injury, before entry in the study. ¶ Expectation on NSE, NSEB and PPA exercises before treatment; score 0 to 100, higher scores indicating higher expectations. NSE; neck specific exercise, NSEB; neck specific exercise with behavioral approach, PPA; prescription of physical activity, BMI; body mass index, WAD; whiplash-associated disorder, NDI; neck-disability index, IQR; interquartile range Table 3 . Additional treatment, adherence to exercise and incidence of new neck injury for the three intervention groups at three and six months*.
*Values are number of individuals and percentage per group †Sought additional treatment due to neck pain. ‡Completed more than 50% of the recommended intervention sessions. §New neck injury from baseline to three and six months follow up.
NSE; neck specific exercise, NSEB; neck specific exercise with behavioral intervention, PPA; prescription of physical activity. Table 4 . Ventral and dorsal neck muscle endurance (NME) for the three groups; neck specific exercise, neck specific exercise with behavioral approach and prescription of physical activity at baseline, three months and six months follow up.
Values are presented as geometric mean (back transformed log10) and 95 % confidence interval (CI).
* P values reported for the; overall change over time Pt; differences between group Pg; differences between gender Ps; interaction between group and time Pt*g; interaction between time, group and gender Pt*g*s .23 ‡ †Neck muscle endurance in seconds for the groups, geometric mean and (95% CI) ‡ P values for the main linear mixed model analyses, group*time*gender interaction effect (group; NSE, NSEB and PPA, time; baseline, three and six months, sex; women and men). The p-values § ¶ shows the significant differences between groups from the linear mixed model. § Significant differences between groups in ventral NME at six months. ¶ Significant differences between groups in time*group interaction effect in dorsal NME. NME; neck muscle endurance, NSE; neck specific exercise, NSEB; neck specific exercise with behavioral approach, PPA; prescription of physical activity.
31 Table 5 . Pain intensity measured immediately prior and following the neck muscle endurance test, the participants self-reported fear of movement for the three intervention groups; neck specific exercise, neck specific exercise with behavioral approach, and prescription of physical activity.
Values are presented as median, inter-qurtile range (IQR) and range [].
* Significant with-in group differences with respect to time p < .05
Variables n NSE n NSEB n PPA P NSE-PPA P NSEB-PPA P NSE-NSEB P VAS before NME PPA, NSE-NSEB). ‡ §VAS 0 to 100, higher scores indicating higher pain intensity, median, inter-quartile range (IQR) for the groups measured immediately before ‡ and after § the NME tests. ¶ TSK-11; total score short form, 11 items, from 11 to 44, higher scores indicate higher fear of movement and (re)injury, TSK-AA **
; subscale activity avoidance, 5 items, from 5 to 20, TSK-SF † †; subscale somatic focus, 6 items, from 6 to 24. NME; neck muscle endurance, NSE; neck specific exercise, NSEB; neck specific exercise with behavioral approach, PPA; prescription of physical activity. 
Neck-Specific Exercise (NSE) Group
Current recommendations for treatment of chronic whiplash-associated disorder include nonprovocative exercise regimens 1 to avoid symptom exacerbation. In accordance, the participants in the NSE group were instructed to avoid pain aggravation during exercise. In addition to neck-specific exercises, this program included exercises for the shoulder girdle (axio-scapular muscles), low back, and abdomen, as well as stretching exercises.
Week 1
 Neck-specific exercise (Appendix B) aiming to facilitate deep neck muscles.
 Provision of basic information regarding neck muscle function and the importance of exercising daily but avoiding pain aggravation.
Weeks 2-3
 Provision of information regarding the use of good body posture to minimize postural strain.
 Isometric neck-specific exercises in the supine and sitting positions.
 Introduction to neck-specific gym exercise (Appendix C).
Weeks 3-12
 Continued training with gradual progression.
Week 12
 Prescription of physical activity, instructions to continue with neck-specific and general exercise outside of the physiotherapy clinic.
Neck-Specific Exercise with Behavioral Approach (NSEB) Group
The behavioral intervention in this study was based on social cognitive theory (SCT) and the trans-theoretical model (TTM). 2 Behavior changes are motivated by beliefs about the consequences of one's behavior (e.g. fear of pain and/or (re)injury) and the ability to perform an activity despite pain. SCT methods for behavioral change include goal setting, enhancing the knowledge and skills needed to perform a given behavior, performing the given activity in small steps to ensure success (graded activity), stress management training, and learning strategies to deal with pain relapse. The TTM focuses on five stages of behavior change, including maintenance of an already changed health behavior (e.g. continuing to exercise).
Weeks 1-2
 Specific activity goal setting. The participants formulated three specific activity goals to improve daily activities at work, during leisure time, and during physical exercise.
The participants chose activities that they had difficulties undertaking due to neck pain or due to the fear of aggravating neck pain. The goals were designed to be achievable during the 12-week rehabilitation program (e.g. 20 minutes of computer work performed 5 days a week).
 Education in neurophysiological and neurobiological processes underlying chronic pain.
 Provision of information regarding coping strategies and recovering from pain relapse.
your head but do not move your head. Move your eyes and look to the right, and hold still for 3 to 5 seconds. Then move your eyes to the left, and hold still for 3 to 5 seconds". This exercise was performed with progressive increases of isometric resistance (pressing the fingers to the temple).
 Home exercise daily: start with 3 sets of 5 repetitions of each exercise.
 Increase the exercises towards 3 sets of 10 repetitions in the supine and sitting positions.
APPENDIX C
Neck-Specific Gym Exercise
The patients were instructed to maintain a neck position of slight upper cervical flexion and retraction when performing isometric training of the neck muscles in flexion, extension, and lateral flexion. The starting load (weighted pulley) was 0.25 to 0.5 kg. The focus of the exercise was endurance training with a gradually progression of exercise parameters up to 3 sets of 30 repetitions. The physiotherapist chose one of two exercises for flexion (Appendix C Fig 1A or B) , extension (Appendix C Fig 1C or D) , rotation (Appendix C Fig 1E or 1F ) as well as lateral flexion (only one available exercise option) (Appendix C Fig 1G) . The participant started with exercise 1B and 1D if they were unable to maintain the neck position (upper flexion and retraction) during the weighted pulleys exercises. The rotation exercise was dynamic, using an elastic rubber band that was gently held between the teeth (Appendix C Fig 1E) or in the supine position with load (Appendix C Fig 1F) . 
